Anthropometric measurements were taken on 2,452 children between 6 and 36 months of age at baseline and at two-month intervals thereafter in rural Tanzania. The children were followed for one year. All deaths occurring in this group were recorded using a village registration system introduced as part of a village nutrition status monitoring system. The relationship between the anthropometric indicators (weight for age, height for age, and weight for height, as well as weight increment) and subsequent mortality was assessed. The results indicate that over the one-year period, nutrition status was a significant predictor of mortality, with the probability of survival lower in children of low nutrition status. Low weight for age (<60% of the standard) was associated with a ninefold increase in risk compared to weight for age above 80%; low weight for height (<80%) earned an almost fourfold increase in risk compared to weight for height>90%; and low height for age had a twofold increase in risk compared to the normal categories. An overall linear relationship was found between nutrition status and mortality, suggesting a gradual increase in mortality as nutrition status deteriorates. Incremental weight appears to be a good short-term predicator of mortality.
Introduction
The relationship between anthropometric indicators of nutrition status and subsequent mortality has been documented in hospitalized children [1] and in free living population groups [2, 3] .
Studies in the Indian subcontinent have reported both a linear increase in risk and a threshold phenomenon, indicating an increase in risk only when nutrition status had deteriorated to very low levels [3, 4] . This has raised questions as to the type of risk associated with mild to moderate malnutrition. In Africa, one group found no relationship between anthropometric indicators and mortality [5] , raising the question of geographical and cultural specificity in the predictive ability of anthropometric indicators. Subsequent studies in Africa, in Guinea-Bissau and Malawi, reported an increased risk of mortality with poorer nutrition status and demonstrated no threshold effect [6, 7] . The predictive ability of weight gain in terms of risk of death has been inconclusive, mainly because so little work has been done investigating this, but it has been suggested that this is a good short-term indicator [8] .
Knowledge of the relationship between nutrition status and functional outcomes has both programmatic and policy implications. Our study was undertaken to contribute to this knowledge by assessing the discriminatory power of anthropometric indicators as predictive of mortality in the specific population studied. The results were intended to guide decisions and operational guidelines for nutrition programmes in Tanzania.
Subjects and methods
A longitudinal study with a one-year follow-up period was undertaken between November 1985 and January 1987. It was conducted in 16 villages in the Iringa region of Tanzania that met specified eligibility criteria and were already participating in a large nutrition programme. All children between the ages of 6 and 36 months at the time of first measurement were enrolled in the study on consent of village leaders and parents, resulting in a total of 2,452 children. The start of the investigation in January coincided with the middle of the rainy season (the long rains in the region started in November), when weeding of the fields was in progress.
Data collection
Preliminary information on the villages was collected and preparations for the study were finalized during November-December 1985. Baseline measurements and data collection started in January 1986. Height. weight, and arm circumference were measured. subsequently. weights were recorded every other month and heights were measured every four months' yielding a total of seven weight and four height measurements for each child surviving to the end of the follow-up. Each time the measurements were made, a two-week morbidity recall was undertaken by interviewing one parent, usually the mother. Other information collected included household characteristics, maternal histories, child feeding practices, and the survival status of children at each measurement.
Causes of death were determined by consulting the records of village health workers and reviewing information on the children's growth charts. At each contact the health of the children was discussed with their parents, nutrition and health advice was given, and, where warranted, appropriate actions were taken. The village health workers made household visits to check on the status of children as part of the regular programme implementation.
All anthropometric measurements were taken by the principal investigator and one other trained nutritionist; interviewing for morbidity was done by a trained medical assistant; and other information was collected by two other members of the team throughout the duration of the study.
Data analyses
All statistical analyses were done using the SAS and BMDP packages on the Cornell University IBM mainframe computer. As the actual dates of birth of all children were obtained, the exact ages of the children at the time of each measurement were calculated using the appropriate SAS programme. Distribution characteristics of the main dependent variables were checked for normality. The WHO/NCHS reference standards [8, 9] were used to convert anthropometric measurements into indicators for weight for age. height for age, and weight for height. Both percentage of medians and Z-score values were used in the analysis.
The mean weight and length/height for each age in months were plotted on NCHS charts. separate for males and females. to identify the percentile ranks within which the children tracked compared to the reference standards.
Several statistical tests were chosen to assess the relationship between nutrition status and mortality. The t test for group means and the chi-square test with specific cut-off points as appropriate were used to test for differences between dead and surviving children. Relative-risk estimates were calculated for different nutrition-status categories. The Kaplan-Meir method was used to calculate the probability of survival at threemonth intervals. The log-rank test was employed to test for differences in survival distribution across nutritionstatus categories. Logistic regression was used for multivariate analysis where mortality was the outcome variable. The Cox regression procedure was selected for covariate analysis.
Results

Baseline characteristics
The 2,452 children in the study ranged in age from 6 to 36 months (mean 18.1 ± 6.9 months). Fifty-two percent were female and 48% male. The means of the anthropometric indicators for all the children at baseline expressed as percentage of standard and Z scores are shown in table 1. The greatest deficit in terms of standard deviations below NCHS standards was in height for age. The mean length/ height was close to the NCHS fifth percentile up to 12 months of age. after which it fell below this. Moderate and severe stunting (<90% height for age) was found in 26.8% of the children and mild stunting (90%-95% height for age) in 49.1%. The mean weight was between the NCHS fifth and twenty-fifth percentiles up to 12 months of age. Above that age it fell below the fifth percentile. About 1.3% of the children were severely underweight (<60% weight for age) and another 35.3% were between 60% and 80% weight for age. Severe wasting (<80% weight for height) was seen in 3.7% of the children; 21.7% were between 80% and 90% weight for height. Thus, overall, stunting was more common than wasting. 
Mortality
Of the 2,452 children, 88 had died by the end of the follow-up period. This gives a mortality rate of 35.9 per 1,000 over the one year. Having obtained the dates of death' we were able to calculate the probability of survival at specified time intervals. Almost 80% of the deaths were recorded during the first six months after the baseline examination. Approximately 49% were in females and 51% in males, with gender-specific mortality rates of 33.8 and 38.1 per 1,000 respectively. The mean ages of children who died were 17.9 ± 6.9 months at baseline and 21.5 ± 7.5 months at the time of death. The largest proportion of deaths was recorded in the 12-18 month age group. As anthropometric measurements were taken at two-month intervals, they were available to within a maximum of two months preceding death. The mean weight for age at baseline for the children who died was 76.3% ± 12.5%, and for the last assessment prior to death for this group it was 72.4% ± 12.6%. Almost all those who died showed a decline in nutrition status assessed by weight for age between measurements.
The majority of deaths were attributed to diarrhoea, followed by fever due to malaria. respiratory infections, measles, injury, and unspecified causes (table 2). Baseline weight for age was lowest in the group reported to have died from respiratory infections, followed by fever and measles.
Nutrition status and mortality
The means of the anthropometric indicators of nutrition status for children who died were significantly lower than those of survivors (p < .05) (table 3) . Survival analysis showed significant differences by nutrition-status categories. Children who had greater weight deficit for age had a higher mortality rate than those with higher weight-for-age measurements (table 4). Comparable results were obtained using height for-age and weightfor-height measurements. 
Estimates of relative risk
Estimates of relative risk showed that children who were severely malnourished using the indicator of weight for age, with the cut-off points used in the analysis of Chen et al. [3] , were eight times more likely to die than those categorized as "normal. " When 80% weight for age is used (as is usual practice in growth-monitoring programmes), the risk for severely underweight compared to nonunderweight children was approximately nine-fold. Moderately and severely wasted children (weight for height <80%)) carried a risk about 2.5 times higher than those with 90% or greater weight for height. In the small group of children with severe stunting (<85% height for age: N= 88) the relative risk of mortality is estimated as about 2. In the moderately stunted group (85%-89% height for age) the relative risk of death was 2.4 times that in the group with height for age 95% or greater. The results of relative risk estimates are summarized in table 5. To take into account the different numbers of children in each of the nutrition-status categories in the estimation of risk, we compared the lowest and highest 10% in terms of mortality. The results, summarized in table 6, show ratios between the two groups ranging from 3.3 to 6.4.
Relationship between nutrition status and mortality
To identify the type of curve relating nutrition status and mortality, and to compare the results with those of earlier studies, we calculated the mortality rates for 10-percentage-point intervals for weight for age and weight for height and 5-percentage-point intervals for height for age. Figure 1 . shows that mortality increased as weight for age decreased, a relationship that was largely linear. Below 90% weight for age, mortality almost doubled for the next 10 percentage points, and it increased about 1.5 times between 70%-79% and 60%-69% weight for age. Below 60% median weight for age, the mortality rate was three times that of the category just above.
Weight for height showed an overall linear relationship to mortality without any threshold effect (fig. 2) .
The results for height for age ( fig. 3) show a U-shaped curve, with mortality rising above and below the category of 90%-94% height for age. These results may be explained by the very few deaths in the upper values of height for age and a possible effect of age. As more than 50% of the deaths were in children under 18 months of age, we examined the data in two age ranges, with 18 months as a cut-off point. It was in the younger group that the risk of death increased with increase in height for age. In analysis with age at baseline as a covariate when indicators of nutrition status were in the model, age did not show a significant relationship with mortality.
FIG. 3. Mortality rate by percentage of standard height for age
Incremental weight and mortality
Analysis of the relationship between weight increment and subsequent mortality was undertaken by calculating the weight increment between two successive weighings and comparing the values between dead and living children for each of the periods. For the first and second increment periods. children who died had significantly lower weight gain than those who survived (t statistic = -3.22 for the first period and -3.73 for the second period; p < .05). The results for subsequent periods were not significant.
The weight increment between any two adjacent measurements carries error associated with each measurement. Regressing the weight gain on attained weight at the beginning of the interval and controlling for the child's age showed the weight of the child at the beginning of the interval to be a significant predictor of subsequent weight gain. Regression analysis was used to predict mortality from the first period's weight gain with the weight of the child at baseline (weight t 1 ) and age as covariates. Controlling for the initial weight and age of the child, the weight increment was a significant predictor of mortality (beta = -1.743 ± 0.29; p < .05). Weight increment thus was a good short-term predictor of mortality. We could not carry out the regression analysis for subsequent periods due to the small number of deaths beyond the first few months of follow-up.
Discussion
This study confirmed earlier results indicating that malnutrition is associated with mortality. It contradicts findings of one study in Africa [5] that no such relationship exists, but those results may have been due to methodological problems, thus indicating that the relationship is not unique to certain population subgroups. The relationship observed was largely linear, and we could not demonstrate a threshold level above which nutrition status did not become a determinant of mortality in the anthropometric categories used. This finding differs from that of Chen et al. [3] .
The fact that mortality was higher in all categories with deterioration of nutrition status has important implications for efforts to address nutrition problems. For example, only 1.3% of the children were severely underweight, whereas about 40% were moderately underweight. If indeed nutrition status is related to mortality among moderately malnourished children, this group also requires serious attention even if immediate efforts focus on those at greatest risk. The resources required to deal with the larger numbers of children will be higher. After controlling for biological characteristics and other factors not discussed here, poor nutrition status remains significantly associated with mortality. Therefore, programmes aimed at reducing mortality must include explicit efforts to reduce malnutrition and not just some by-product of other general activities.
Our finding of a U-shaped relationship between height for age and mortality raised questions about the adequacy of the sample size and possibly age confounding at different ends of the distribution. An analysis with age showed that this variable was not significantly related to mortality. The study in Guinea-Bissau showed similar aberrant results with an inverted U curve [6] . Since other analyses discussed here show significant association between height for age and mortality, the seemingly aberrant results have to be interpreted in conjunction with them.
Evaluation of indicators showed the benefits of weight for age and weight for height in predicting mortality. Even with the limitations of sample size, weight increment appeared as a significant indicator of risk of death. Whereas the choice of an indicator is eventually determined by the specific operational and programmatic conditions, our results suggest that weight for age is a useful indicator for purposes of risk assessment at the community level. This, combined with weight increment, should assist health workers and parents in identifying children requiring focused attention.
We observed that nutrition status can deteriorate rapidly. Given the attendant high risk of mortality, the frequency of contact in growth-monitoring and growthpromotion programmes may be crucial. Our data show that poor growth increments for the last two weighing periods preceding death were associated with a high risk of mortality. Given the ever increasing burden placed on workers in health institutions, trained village workers could provide continuous follow-up in the communities they serve.
